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WVL'JZSTS 0FAO,1&3C&EMODEZOF THE X-3 AIRPLANE 

AT HIGH SUBSONIC SPEEDS.- ADDITImAL STABILITY AND 

CONTROLCHAFUCTERISTICS AND TBXAERmYNAMIC 

EFFECTS OF EXTERNALSTORESANDRAM~ 

By Joseph W. Cleary and Jack A. Mellenthin 

Additional win&tunnel tests of the~O.l&scale model of the X-3 
airplane havebeenmade atlowandhigh subsonicMachnw&ers to invem 
tigate the lateral- and longitudinal.tability and -control chsxacte? 
istics. The X-3 is a research airplane incorporating a 1masFcGratio 
wing end tail with sharp leading aud trailkcg edges and is designed for 
augersonic speeds. 

The results of the tests show a stable variation of all+mvjn@xil 
iucidence with Mach number for Mach numbers less than about 0.85. 
Deflecting the wing lea-dge flaps, in general, reduced the Mach 
number range for this stick..fixed static stability and increased the 
negative tail incidence required to trim the airplane in level flight. 

For Mach numbers less then about 0.85, deflecting the lewdge 
flaps increased the maximum lift-drsg ratio and reduced the drag at lift 
coefficients greater than about 0.2. 

Tests of the model equipped with airbrskes indicated generally 
satisfactory longitudina&ste.bility characteristics with a single or 
double brake mounted forward of the wing at fuselage station 41.00 inches. 

Adding fuel tanks or ram jets to the wing tips or adding fuel tanks 
beneath the King appesred to be aerodynemically feasible inasmuch as the 
lateral- or longitudinal-stability end -control characteristics were not 
excessively affected. Although the wing-tip tacks reduced the lift 
coefficient for balance, they increased the lif+curve slope and the 
static-longitudinal stability. The un+eming tanks reduced the longi- 
tudinsl stability in the region of 0.2 lift coefficient. Both tank 
installations increased the dreg coefficient at zero Uft about 0.003 
at the lower Mach nlmibers, but the tip tanks produced less drag than the 
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underwing tanks at lift coefficients above about 0.2 and Mach numbers 
less then 0.85. The principal effect of the win@ip ram jets was to 
increase the lift-curve slope and to reduce the lift coefficient for 
balance. 

The normal force imposed on the wing tips by the tip tanks or by 
the rem jets increased approximately linearly with angle of attack up to 
the wing stall. -.- 

At an angle of attack of 6O and a Mach ntier of O.m, the aileron 
retained approximately 80 percent of its l-peed effectiveness. 

WTRODUCTION 

Preliminary wind-tunnel tests of the 0.16scale model of the X-3 
airplane (reference 1) indicated that the stabilizing fins of the 
jettisonable nose had an unfavorable effect on the longitudinal-stability 
characteristics. For this reason, the nose fins were eliminated and 
plans for a jettisonable nose as a means of pilot escape were abandoned. 

The high--speed wind+tunnel testa were later resumed on this basis 
to furnish additfonal basic force and mcznent data on the model. The 
additionsl investigation included a determination of the effects of 
simulated air scoops, airbrakes, erteraal stores, and wiwtip rem jets 
on the longitudinal and lateral characteristics of the model. Measure- 
ments were made of the normal force and the pitching moment transmitted 
to the model wing tip by a fuel tsrk and a typical ram jet. The results 
are presented in this report with a limited analysis of the stability 
and control characteristics. 

The tests were requested by the U. S. Air Force snd were made in 
the Ames l&foot high-speed wind tunnel. 

c0ExF1cIEWrs AK0 SYMBOLS 

Pitching moments, yawing moments,. and rolling moments were ccxnputed 
with respect to mutually perpendicular axes that passed through the 
center of gravity. One axis coincided with the fuselage reference line 
while another was parallel to the wing mercentxhord line end normal 
to the plane of symmetry. The center of gravity was assumed to lie on 
the fuselage reference line and. above the 15-percent point of the wing 
mean aerodynamic chord. This is the system of reference axes used in 
reference 1. 

The horizontal-tail hinge moments were camputed with respect to a 
lateral exis passing through the 25percent point of the mean aerodynemic 
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? 
chord of the exposed tail. Tiptack end r-jet pitching moments were 
computed withrespectto a latera axis passingthroughthe l>percent 
point of the w&g mean aerodyna&c chord. 

The 
follows: 

coefficients asd symbols used in this report are defined as 
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croseorce coefficient cross-wWd force 
( ss > 

drag coefficient T 
( > 

lift coefficient y 
( > 

ram-jet normal-force coefficient r-jet 
( 

normal force 
@R > 

tiptsnh normal-force coefficient tip-tank normal 
( 

force 
* > 

horizontal-tajl hing+~~~~ nt coefficient 

( 
horizontal-tsilhinge moment 

@-t% > 

roll-t coefficient rolling mcment 
( ssb > 

pitc-oment coefficient 
( 

2 itching moment 
q= > 

ram-jet pitchin@oment coefficient ram-jet 
( 

pitching moment 
SSRZR > 

ti@%Dk pitem nt c03fficient t&-tank pitching moment 
( @RzT > 

yawiIl@nCxnent coefficient (yP* Inoment 
ssb > 

free-stream Mach n-61 

wing aea, square feet 

ram-jet frontal area, square feet 

tip-teak frontal area, square feet 
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St 

V 

b 

bt 

C 

exposed horizontal-tail area, square feet 

frewstream velocity, feet per second 

wing span, feet 

horizontal-tail span, feet 

wing chord, feet 

z mean aerodymmic chord of the Mng 

Ct 

% 

tail chord, feet 

mean aerodynamic chord of the ellposed horizontal tail 

It horizontal-tail incidence tith respect to the fuselage reference 
line, positive with the trailing edge downward, degrees 

'lR 

2T 

ram-jet length, feet 

tiptank length, feet 

n loadfactor 
(mzt) 

9 fre~tresmdynsmic pressure +F , pounds per sqgare foot 
( > 

Y 

a 

lateral distance from the model plane of symmetry, feet 

angle of attack of the fuselage reference line with respect to 
the wind axis, degrees 

aileron deflection, positive downward, degrees 

airbrake deflection, positive downward, degrees 

leading+dg*flap deflection, positive downwud, degrees 

rudder deflection, positive to the-left, degrees 
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, feet 
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%f treiling-edgeflap deflection, positive downward, degrees 

P mess density of the free stream, slugs per cubic foot 

* ,engle of yaw of the fuselage reference Une with respect to the 
wing exis, degrees 

The X-3 eirplase model shown in figures- l(a) and 2 was the model 
used during the tests described in reference 1. The model scele was 
0.16 and the model wing had en aspect ratio of 3.01 end a teper ratio 
of 0.4 with the ppercen+chord line perpendicular to the plane of 
symmetry. The xing had a symmetricalhexaganal section 4.5 percent thick 
with rounded corners at 30 snd 70 percent of the chord and sharp leading 
and trailing edges. Figure 2 shows a typical section through the wing. 
The horizontal tail was alL*ovable and had sharp leading and trailing 
edges with the 5&percen+chord line swept beck 23'. 

Plainfull-spanle~ e flaps of constant chord (13.45 percent 
of the mean eerodynemic chord measured parallel to the model plane of 
symmetry) were used on the wing. PatieL--spen, split, treiwdge 
flaps witha chordegxalto 25 percentofthewingchordextendedfr~ 
the wYn@Tuselage juncture to the aileron. Thus, the length of each 
flapwas 46.6percent ofthewing semispan. 

A plain aileron with a chord equal to 25 percent of the wing chord 
wes used on the left wing only; it extended in Fran the wing tip for 
30 percent of the xing semispan. Additional information cn~ the model is 
given in table I and in reference 1. The complete model configuretion 
ms identical Kita that.oof reference 1 except that the nose fins were 
omitted. Thus the complete model consisted of the fdllawfng components: 
the fuselage, the tail boom, ,the canopy, the wing and emgenage, and 
the aternal brackets for the wing control surfaces. 

Figure l(b) shows a typical airbrake instaUation. The plan forms 
of the various airbrakes and the fuselage stati- at wWch they were 
moxmted are shoxn in figure 3. The profile of the double brake was flat, 
but that of the single brakes conformed-to the lower surface of the 
fuselage. 

The model in the landing coufiguration with the elongated single 
brake is shown in figure l(c). The lan~eardoors shownonthe 
model were those developed from l-peed wind4xnneltests in one of 
the Ames 7- by l&foot wind tunnels and are not those used in the tests 
reported in reference 1. 
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The model equipped with -tip fuel tanks is shown in figure l(e) 
and a detailed sketch of the tanka is presented in figure 4(e). The 
tanka were made with an NACA 111 fuselage formand a fineness retio of 
8.33. Normal force and pitching manent of the left tank that were 
imposed on the wing tip were measured with resistanc~ty-pe electric 
strain gages mounted on e cantilever beam. (See fig. 4(e).) The model 
underwing tanks, shown in figures l(d) and 4(b), were identical to the 
tip tanks except that no provision was made for measuring normal force 
or pitching moment. 

The model~tip ram jets shown in figures l(f) and 5 employed 
the same principle for measuring the normal force and pitching moment 
imposed on the wing tip aa that used for the winptip fuel tank. The 
ram jets were symmetrical bodies of revolution with 8 fineness ratio of 
8.22. Air flowed through the ram jets, but no attempt was made to measure 
the rate of flow. 

The tests were made in the Ames l&foot *peed Kind tunnel. 
The model was mounted on the sting support with the strei~age balance 
enclosed within the model. For these tests, the angle of attack was 
measured by an FnclLnometer mounted in the model. 

TESTS 

The basic-pitch date of reference 1 (model without the nose fFns) 
have been extended to obtain force and moment date for various comb- 
tions of lee Me flap and horizontal-tail incidences. Themodel 
w&s tested with and without dummy air scoops (no eir flow into the scoops) 
to see if the powemff flight configuration had satisfactory stability 
charecteristics. Tests were made of airbrakes to find 8 design and 8 

location that would satisfy the space Umitetions of the fuselage and 
have suitable aerodynamic characteristics. 

Wine-Lip ram jets and external stores were tested with the model 
pitched and yawed to investigete the stetic-stabilityend~ontrol charac- 
teristics and to measure the normal force and pitching manent imposed 
on the wing tips of the model by these items. The aileron effectiveness 
was meesured for the model with and without tip tanks or ram jets. 

The tests were made et Mach nuxribers of 0.40 to 0.925 corresponding 
to a Reynolds nmber renge of about 3.2X106 to 4.9X10' tier the test 
conditions. An index to the figures giving the pertinent control- 
surfece settings and the model configurations is presented in table II. 

t 
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PRx!IsIoN AND coRREcTroNs 

The esttited precision of the date is given in reference 1. 
Because of refinements in instrumentetion, the angles of attack and of 
yew presented in this report are believed to be accurate within kO.1'. 

Corrections for the effect of the ttmnel walls and of the inter 
ference of the stin@; s-port have been epplied to the data es described 
in reference 1. Constriction corrections to account for the blocking 
effect of tb.e model in the tunnel test section were applied according to 
the method of reference 2. 

Pressures were &eesured et five points on the flat base of the 
fuselage (the area occupied by the tail-pipe outlets of the airplane) 
end the drag data were corrected to correspond to freestream static 
pressure over this area. . 

YexTng+noment, rolllng-mament, ssd sidwforce coefficients produced 
by yawing the model represent increments over the values obtained et O0 
yew. 

tell 

RESUITS ANDDISCUSSION 

Aerodynamic Chaxecteristics in Pitch 

Besic aerodynamic chexecteristics.- The lift, pitching-moment, and 
hinge-moment characteristics of the model axe presented in figure 6 

for three lee Mgpiplq deflections and three horizontal-tail inci- 
dences . Also includedare the lift andpitcw ent characteristics 
with the tail off, The drag characteristics of the model with the tail 
cm ere shm in figure 7 and with the tail off in figure 8. These data 
are an extension and pa&i& repetition of the data presented in refer 
ence 1. 

A discussion of the lift, stati~loagitudineJ-stebility and --control, 
and drag characteristics of the model was presented in reference 1 and 
is generally wpliceble to the results of this test. Hence these items 
will not be discussed in detail except to show the ove?+all effects of 
Mach number. 

The verietiona of lift, pitcmnt, and dreg coefficient with 
Machnu&er are showninfigure 9. For angles of attack less than about 
loo, there was e general increase of lift coefficient with ticreesing 
Mach number for Mach nunibers between O.&l and 0.925. At lift coeffi- 

.cients ebove 0.2, the pitching--moment coefficient decreased markedly 
(nosing+lown tendency) for all test Mach numbers ebove about 0.86. 
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A slight increese in drag is shown in figure 9 for a Mach number of 0.925. 
However, the Mach number for drag divergence, es indicated by a marked 
increase in dreg, W&B epperently not reached et any Mach nmiber up to 
0.925. 

The lift--curve slope (&j&)M, static longitudinal stability 
(-&&dM, and tail effectiveness (&!&it), are presented in figure 10 
for leeting-edg~flap angles of O', loo, and 20' and e lift coefficient of 
0.3. Except for a slight decrease et e Mach number of about 0.90 with the 
flaps deflected, the lif+curve slope increesed with Mach number through- 
out the Mach mmiber range of the test. For e lift coefficient of 0.3, 
deflecting the lewdge flaps lncreesed the longitudinal stability et 
practically all. Mach numbers of the test. Emever, et the higher lift 
coefficients, deflecting the leading-edge flaps 20° reduced the stability 
to such au extent that the model became unstable at a lift coefficient 
of about 0.8 et 0.4-C Mach number. (See fig. 6.) The lcmgitudinel st& 
bility increased markedly et a Mach nmiber of about 0.925 (fig. 10) with 
the fleps deflected or uudeflected. The tail effectiveness (&Jait)M 
was independent of the leeding-edgelap setting, but increased gradually 
with Mach number for Mach n&em -between 0.40 and 0.925. (See fig. 10). 

Tail incidence required for pull-ups.- The tail incidence required 
during pull-qx~ of the airplane were calculated for a wing loading of 
120 pounds per spume foot. (See fig. Ill.) Corrections were made to 
the tail incidence to account for the effect of curvature of the flight 
peth. For load fectors of one or greeter and for altitudes of 20,OOC 
feet or less, the data for the lemdge flaps undeflected Ucete 
e stable variation of tail augle with Mach nmiber for Mach nunibers less 
than about 0.85. At 40,000 feet, the stable region is not defined by 
the date, but an unstable varietion of tail incidence with Mach nuuiber 
is 8pparentforMachnmibers above 0.86. Deflectingtheleeding+edge 
flaps, in general, reduced the Mach number range for stick-fixed sta- 
bility aud required a more negative tail incidence to balance the 
airplane. The chsuge of tail incidence was caused primarily by e 
decrease of the lift coefficient for balance when the leewdge flqs 
were deflected. (See fig, 6.) 

Lif+drag retio.- UfIidrag ratio es 8 function of lift coefficimt 
is presented in figure 12. Deflecting the flaps lo0 Fncreesed the liftr 
drag retio for lift coefficients greeter than about 0.2 and Mach numbers 
less thes about O-85. Increasing the flap deflection frm loo to 20°, 
while increasing the lif%drag ratio slightly at Otti Mech number, 
reduced the lif+drag retio for most lift coefficients et all higher 
Mach numbers. For Mach numbers greeter than about 0.85, deflecting the 
leediwdge flaps appeared to be of little value for improving the lfft- 
drag ratio. 

c 
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Marti lift+drag ratios are plotted agafnst Mach number in fig+ 
ure 13. Deflecting the levdge flaps Loo Increased the maximum 
liftidrag ratio approximately 20 percent betweenMach numbers of 0.40 
and 0.75. However, for Mach numbers above about 0.85 deflecting the flaps 
loo reduced the maximxm~ lif+drag ratio. 

Model with scoops.- The modelwas equippedwithdumrqy air scoops 
in an attempt to duplicate the powemff flight conditions with no air 
flow through the ducts. 331 order to install the air scoops, it was nee 
esssccy to remove the csnopy. Thus, lift, pitching moment,asddragwere 
measured with the csnopy removed (fig. 14), and with the csnopy removed 
but with the scoops added (fig. 15). 

The data indicate an aver-all decrease in static longituUnal st&- 
bility and an increase in lift coefficient for b&lance when the scoops 
were added. The minimum drag coefficient was increased appraxlmately 
50 percent at all Mach numbers of the tests. 

Airbrskes.- A brake was desired that would approximately triple 
the minirrum drag coefficient of the model without causTng excessive 
chsnges of the pitching-mome'nt characteristics. Wo attempt was made to 
vsry either the plan form of the brake or its location systematically 
since the construction of the airplane fuselage permitted only limited 
combinations. The plan forms and.locations that were considered most 
adaptable to the fuselage are shown in figure 3. 

The effects of the various brake installations an the lift, drag, 
and pitching moment of the model are shown in figure l6 for a Mach 
number of 0.40. Figure 16(a) shows that the double brake beneath the 
wing at fuselage station 65.55 or 71.32 inches increased the pitching 
moment, while forward of the wing.at station 50.40 or 55.80 inches they 
decreased the pitching moment. Ln all cases, the stability was fncreased 
slightly for lift coefficients less than about 0.6, but the model became 
neutrally stable for lift coefficients near the stall with the brakes 
forward of the wing at fuselage stations 50.40 and 55.80 inches. 

The effects of changes in the brake plan form sre shown in fie 
ures 16(b), (c), and (d) for stations 41.00 end 52.60 fnches. Although 
all the brakes reduced the lift coefficient for balance at these stations, 
their effect 011 the stability of the model appeared generally satisfac- 
tory with the exception that the double brake at station 52.60 inches 
made the model unstable for lift coefficients near the stall. The 
single brakes produced smaller increments of drag primarily because their 
frontal area was less than for the double brake. (See figs. l6(b), 
(4, and (a).) Checks of the stability characteristics of the model Fn 
the landing configuration were made with the elongated single brake 
at station 41.00 fnches, tith the revised sWgle brake at station 52.60 
inches, and with the double brske at station 52.60 aches. The 
landing configuration for these tests included the modified landing- 
gear doors developed from tests in one of the Ames 7- by l&foot tind 
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tunnels as shown in figure l(c). In all cases the model appeared to 
have satisfactory longitudinal-stability characteristics. 

I 

* 

The lift, pitchimoment, and drag characteristics of the model 
for several deflections of the single brske at station 41.00 inches are 
shown in figure 17. The increments of drag and pitchingaent coeffi- 
cient from deflecting the brake are shown in figure 18. For this par- 
ticular installation, the effect on the pitchi- nt coefficient was 
small except for brake angles greater than about 50°, The increment of 
drag coefficient was approxmtely proportionalto the projected frontal 
area of the brake. Thus the data indicate that brake deflectlons 
greater than about 70' would give little increase In increment of drag, 
but would decrease the-lift coefficient for balance. 

External stores.- Fuel tanks were added separately beneath the wing 
and to the wing tips of the model. 
Lift, pitchinmcznent, 

(See figs. l(d), (e), 4(a), and (b).) 
and drag characterist$cs of the model with the 

underwing this are presented in figure 19 for 0' leading-edgeflap 
settjng, while similar data are presented for.the model with the tip 
tanks in figure 20 for IeadingGdge-flap settings of O", loo, and 20°. 
Tail-off data with thetip tanks are -shown in E&ire 21.‘ Both instG.ll~- 
tions appeared feasFble inasmuch as the aerodynamic effects on the lift 
or pitchwoment characteristics were not excessive. 

-- 

L 

Adding the underwing tsnks increased the angle of attack for zero 
ltft about 0.5O and slightly reduced the liftrcurve slope and the 
stalling lift coefficient. The principal effect on the pitchfngrnoment 
characteristics was to reduce the longitudinal stability for lift coef- 
ficients in the vicinity of 0.2 sndMach numbers less than about 0.85 
as shown by comparing figures 6 .s@ lg. An increase in drag coefficient 
for zero lift of approximately 0.003 occurred for Mach numbers of 0.6 
or less. The data also indicate that the Mach number for drag diver- 
ence was slightly reduced. 

With the tsnks on the wing tips, the lift data show a noticeable 
increase in lift+ourve slope and insignificant changes in the angle 
of attack for zero lfft or Fn the stalling lift coefficient. (Compare 
figs. 6 and 20(a).) Although adding the tip tsnks reduced the lift 
coefficient for balance, some improvement is noted in the static- 
longitudinal-stabilfty characteristics in that the variation of 
pitching moment tith lift was more nearly.linesr, both with the tail 
on and with the tail off. At 0.3 lift coefficient with the lea- 
edge flaps undeflected, adding the tip tanks increased the static+ 
longitudinal-stability parameter (-&&CL)M from O.O67 to 0.090 at 
0.40 Mach number and from 0.065 to 0.117 at 0.85 Mach number. The 
tip tanks increased the drag coefficient for zero lift about 0.003 
for Mach numbers of 0.85 or less. Although the en&plate effect of 
the tip tanks was not sufficient to reduce significsntly the drag of 
the clean model (see figs. 7(b) and 20(a)), less drag was generally 
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lift coefficients greater than about 6.2 and Mach numbers less than 0.85 
(see figs. 19 and 20(a)). 

Tiptank normal force and pitching moment.- Thenormalforce snd 
pitching mcment transmitted to the wLng tips by the tip tanks are pre- 
sented in figure 22 for various aileron and leadfnqedge-flap settings. 
The normal force increased almost linearly with angle of attack up to 
the wing stall (about l2O at 0.40 Mach number) and then increased at a 
reduced rate. 

There was a stable variation of tiptank pitching moment about the 
model center of gravity for normal--force coefficients below the wing 
stall. In terms of 1ongitudIna.l stability of the model, however, this 
stabilizing effect is practically negligible and would not account for 
the gain in stability from adding the tip tsnks. A comparison of the 
tail-off pitcwoment data of figures 6 and 21 Fndicates that the gain 
in stability was probably caused by a resrward shift in the aerodynsmic 
center of the -fuselage combination when the tanks were added. 

W-tip ram jets.- The lift, pitchUg+ncment, and drag chsracte~ 
istics of the model with the -tip ram jets sre presented in ffgures 
23(a), (b), e (c) f or leaL&sg-edge flap angles of O", 10°, and 20°, 
respectively. Tall--off data are presented in figure 24 for a lea- 
edge-flap sngle of O". Adding the ram jets Fncreasedthe lif+curve 
slope and reduced the lift coefficient for balance, but did not sIgnif- 
icantly change the over-all static longitudinal stability of the model. 
(See figs. 6 and 23(a).) The variation of pitching-moment coefficient 
with Uft coefficient was more nesrly linear both with the tail on'and 
tith the tail off. There was an increase in m5nLmum drag of 0.011 at 
O.&O Mach number and O.Ol.8 at 0.90 Mach nu&er as shown frcm a compari- 
son of figures 7(b) and 23. 

R-jet normal force end pitching moment.- The r-jet normalforoe 
and pitching moment imposed on the wing tips are presented in figure 25 
for several aileron and leading--edge-flap settings. For angles of attack 
below the wing stall, there was an approxtitely Unear variation of 
normal force with angle of attack and of pitching moment with normal 
force. 

Aileron rolling moment.- The variatioct of the r0llfng-mamen-t coef- 
ficient produced by the left aileron with angle of attack is presented 
infigures 26, 2'j', -28 for the cleanmodel, for themode1wit.h~ 
tip tanks, snd for the modelntith -tip ram jets, respectively. A 
ccrmparison of the aileran effectiveness for these three configurations 
is made in figure 29. AtO.4-OMachnu&er,the cleanmodelhadan 
aileron effectiveness of O.ooOg4 and O.OOlO& at Oo snd 6O angle of attack, 
respectively. The aileron~intainedapproximately5~percenteffe<z- 
tiveness for several degrees above the w%ng stall. 
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Although there was a decrease in effectiveness for Mach numbers 
greater than 0.85 at 6O angle of attack, the aileron retained approxi- 
mately 80 percent of its l-speed effectiveness at 0.925 Mach number. 
For an angle of attack of l2', the aileron effectiveness increased CLIP 
ttiuously as the Mach number was increased from 0.40 to 0.90. Adding 
the wiwtip fuel tanks or the ram jets increased the aileron effep 
tiveness at O" angle of attack except at the highest Mach numbers, but 
reduced it at 6O and l2O. At O" angle of attack, adding the tip tanks 
or the ram jets reduced the Mach number at which there was a loss of 
effectiveness. 

. 

c 

Aerodynamic Characteristics in Yaw 

Model with external stores.- Yawing moment, rolling moment, 
and side force are presented In figures 30 and 31 for themodeltith 
the underwing tanks and with the -tip tanks, respectively. The 
directional-stability parameter (-&,/a~#)~, the lateral-stability param- 
eter PWWaf and the side force due to yaw (&C&q),, averaged for 
angles of yaw between O" and 6O, are shown in figure 32 for the clean 
model and for the model with external stores. The values of the par- 
eters for the clean model were computed from data presented in refer 
ence 1. . 

Although some Increase is noted in the value of the parameter 
(&C/a@) when the external stores were added,theireffect on the 
directional- or lateral-stability chsracteristics appeared insignifi- 
cant. Adding the underwing tanks might be expected to reduce the value 
of (&z/aIf), because increasing the vertical srea below the center of 
gravity generaIL& produces a destabilizing effect. Since no significsnt 
decrease of (&z/a@), was measured, it is believed that the interfer 
ence of the tank installations caused a chsrge in the lift distribution 
of the wing sufficient to offset the expected decrease. 

Model with ram jets.- Yawing mCanent, rolling moment, and side force 
are presented In figures 33, 34, and 35 for the model with both ram 
jets, with the right ram jet, and with the left ram jet, respectively. 
The parameters (-&n/a$)ct, (&z/a@),, and (&C/@), for the clean model 
are compsred in figure 36 with those for the model with the lift, right, 
and both rsm ets. The-values shown represent aversges for angles of 
yaw between 0 d snd 6O. Some increase was noted in the value of 
( waw, when ram jets were added to either or both wing tips, but the 
over-all effects on the parsmeters (-&n/N), and @CL/a@), were of 
secondary importance. 

A comparison of figures 33.and 34 or of figures 33 and 35 shows that 
a ram jet on one wing tip would cause 89 unbalanced yawing and rolling 
moment at O" angle of yaw. Although these unbalanced moments might be 
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greater at higher angles of attack, values of rudder effectiveness (frcm 
unpublished l-peed win&tunnel data (8Cn/&) was about -0.004) snd 
aileron effectiveness (fig. 29) indicate that deflecting the rudder 
about 1.5O end deflecting both ailerons about 3.5O would balance the 
model at O" yau. 

Wind-tunnel tests of the O.l&scale model of the X-3 airplane at 
lox and high subsonic Mach numbers indicated a stable variation of tail 
incidence xith Mach number for Mach numbers less thact about 0.85. Deflect+ 
ing the leading-edge flaps, In general, reduced the Mach number r-e for 
this stick-fixed static-long5tudinal stability snd increased the negative 
tail incidence required to trim the a-lane In level flight. 

For certain le me-flap deflections, themaximumlif~ag 
ratio vats increased and the drag webs reduced at lift coefficients 
greater than about 0.2 snd Mach numbers lese ~~LSI about 0.85. 

Tests of the model equipped with airbrakes indicated generally 
satisfactory longitudinal -stabiUty characteristics with either a single 
or a double brake forward of the xlng at fuselage statian 41.00 Inches. 

Adding fuel tanks or mm jets to the m tips or fuel tanks 
beneath the wing appeared to be aerodynamically feasible inasmuchast& 
static ,lateral or 1ongitudIna.l stability and control were not excessively 
affected. Although the wing-tip tanks reduced the lift coefficient for 
balance, they increased the Iif- slope and the static longitudinal 
stability. The underwing tanks reduced the longitudinal stability in 
the region of 0.2 lift coefficient. Both tsnk installations increased 
the drag coefficient at zero lift about 0.003 at the lower Mach nu&ers, 
but the tip tanks produced less drag than the underrring tacks at lift 
coefficients above about 0.2 endMach nu&ers less than 0.85. The 
principal effect of the -tip ram jets xa8 to increase the lU+cur~ 
slope and to reduce the Uf% coefficient for balance. 

The normal farce imposed on the wing tips by the tip tanks CC by 
the ram jets increased approximately linearly with angle of attack up to 
the Veng stall. 

At an angle of attack of 6O and a Mach nmiber of 0.925, the ailerm 
retained approximately 80 percent of its meed effectiveness. 

Ames Aeronautical. Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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TABLE I.- MODEZDIMENSI~S 

ring 
Area.squsxefeet ..................... 4.094 
Aspectratio ..... . .................. 
Taperratio ........................ 3;oi 
Spaqfeet ........................ 3.51 
Root section (at plane of symnetry) chord, feet 1.666 
Thickness,percentof chord ................ 4.5 
Dihedral (wing reference plane), degree .......... 0 
Incidence, degree ...................... 0 
Meanaercdynadc chord, feet ............... 1.238 
Sweepback (Mrcentihord line), degree ......... 0 

iileron 
Span,feet ........................ 0.526 
Wing station at inner end, feet .............. 1.227 
Wing station at outer end, feet .............. 1.753 
Chordatlnnerend,feet ................. 0.241 
Chordatouterend, feet ................. 0.167 

horizontal tail 
Area, square feet ..................... 0.794 
Area,exposed, square feet ................ 0.701 
Aspectratio ....................... 
Taperratio ........................ 3;Pt 
Spsn,feet ......................... 1.5i7 
Tail length (center of gravity to on-qusrter mean 

aerodynamic chord of horizont aJ. tail), feet ....... 3.393 
Section at spanwise station 0.377 inch (fuselage juncture), 

Chmd.feet ....................... 0.752 
Thickness, percent of chord. .............. 7.5 

Section at spamise station, 3.095 inch 
Chord.feet ....................... 
Thickness,percentof chord. .............. "*Z8; . 

Tip section 
Chord.feet ........................ 0.294 
Thickness.percentofchtid. .............. 4.5 

Dihedral.,degree ..................... 0 
lhcidence.. ..................... ..vsriab le 
Meanaerodynamic chord, feet ............... 0.545 
Meen aerodynamic chcmd, eqosed, feet ........... 0.521 
Sweepback (5&percenmord line), degree ......... 23 
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TABI. I.-CCONCUJDED 

Vertical tail 
Area.squarefeet ..................... 
Aspectratio ....................... 
Taper ratio. . :. .................... 
Span,feet ........................ 
Tail length (center of gravity to on~usxter mean aerw 

dynamic chordofverticaltail), feet. ......... 
Root section 

Chord.feet ....................... 
Thickness, percent of chord. ................ 

Tip section 
Chord.feet ....................... 
Thickness, percent of chord. .............. 

Meanaerodynamic chord, feet ............... 
Sweepback (g&percent-chord line), degree ......... 

Rudder 
Spaqfeet ......................... 
Height of lower end above fuselage reference plane, feet . 

. Height of upper end above fuselage reference plane, feet , 
Chordat inboardend, feet ................ 
Chordatoutboardend, feet. ............... 

Tipandunderwingtanks 
Length,feet ........................ 
Frontalarea.squarefeet ................. 
Volume (each ta;dir) cxibic feet ............... 
Fineness ratio ...................... 
Incidence, degree. ..................... 

Wiwtip ram jets 
Length,feet ....................... 
Frontalarea, square feet. ................ 
Fineness rat&o ...................... 
Incidence, degree. .................... 

0.678 
1.32 
0.25 

0.947 

3.410 

1.147 
4.5 

0.287 
4.5 

o. 802 
0 

0.705 
o. 6go 
1.395 
0.227 
0.~62 

2.015 
0.0460 
a 0545 
8-333 

0 

2.600 
0.0788 
8.220 

-2 
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(b) Model with the single airbrake at fuselage station 41.00 inches. 

(c) Model with the elongated single airbrake at fuselage station 
41.00 .tihes and with the landing gear extended. 

Figre l,- Three-quarter-front viewa of several configurationa of 
the X-3 model. 
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(d) Model with underwing ta.nke. 

(e) Model with wing-tip tanks. 

(f) paodelwith wing-tip ram Jets. 

Figure l.- Concluded. 

21 
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’ Se&ion A-A 

---- 

‘Ceder of gfuvify 
I5 percent of E 

fusehge reference /he 

Figure 2.- The 0./6-scde mode/ of the X-3 airp/me. 
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Figure 3.-?i?e p/on form and /ocalion of the akbmkes on the X-3 mode/. 
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figure 4.- Concluded. 
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Figure 5.- The wing- fip rum je fs of fhe X-3 model 
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